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Abstract 
This study investigated the perception of various Cantonese tonal contrasts as a function of 
age and of word familiarity. Sixteen subjects were selected from five age groups (2;09 - 3;03, 
4;00 - 4;11, 6;00 - 6;11, 10;00 - 10;11 and adult). Subjects heard the target word within a 
carrier phrase and identified it by selecting one of the two pictures. There were two tasks: in 
one task the stimuli consisted of six contrastive tones with the syllable /ji/; in the other task, 
familiar words that minimally contrasted in lexical tones were used. Results showed that 
children achieved adult performance in tone perception by age 10;00. Error in tone perception 
can be explained by the similarity of fundamental frequency onset and contour between the 
tones of a contrast. Word familiarity affected tone perception only for the age group 2;09 – 
3;03. 
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The Development of Tone Perception in Cantonese-speaking Children 
Cantonese Tonal System 
Cantonese is a tonal language, in which different fundamental frequency (f0) patterns 
on the same segment convey different meanings. This is different from English in which f0 
patterns do not play a role in determining word meanings (Bauer & Benedict, 1997). Tone 
can be characterized by f0 level and contour. The range of f0 can be divided into five registers, 
which are high (5), mid-high (4), mid (3), mid-low (2) and low (1). For contour, it includes 
level (remaining at the same level of f0), falling (falling from high to low) and rising (rising 
from low to high) (Bauer & Benedict, 1997). In Cantonese spoken in Hong Kong, there are 
basically six contrastive tones. They are: high level (55), high rising (25), mid level (33), low 
falling (21), low rising (23) and low level (22). Besides the above basic tones, there are also 
three entering tones which are high stopped (5), mid stopped (3) and mid-low stopped (2) 
(Bauer & Benedict, 1997). 
For the acquisition of the Cantonese tonal system in Cantonese-speaking children, 
previous studies can be divided into two topics: the acquisition of tone production and the 
acquisition of tone perception. 
The acquisition of tone production 
Tse (1978) conducted a longitudinal observation on his son’s tone production during 
babysitting. Based on the results of the study, he had concluded that the acquisition of tones 
would be completed much earlier than that of segmental phonemes (by the age of 2;00) and 
within a short period of time (Tse, 1978). He had also hypothesized that the order of 
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acquisition would follow universal principles. Firstly, the acquisition of the falling (21) tone 
would precede that of the rising tones. Secondly, the high rising (25) tone would be acquired 
earlier than the low rising (23) tone. Thirdly, among the three level tones, the high level (55) 
tone would be acquired first and then followed by the low level (22) tone. The last one would 
be the mid level (33) tone. However, Tse’s observations were not systematically planned as it 
was a naturalistic observation without citing the criteria for determining whether the tones 
were acquired (Tse, 1978). 
So and Dodd (1995) had also carried out a longitudinal study of tone acquisition on 
four Cantonese-speaking children aged from 1;02 to 2;00 and a cross sectional study of tone 
acquisition on 268 Cantonese-speaking children aged from 2;00 to 6;00. By investigating 
production during play and picture naming, the same conclusion could be drawn from both 
longitudinal and cross sectional studies. They found that all of the children had fully mastered 
the use of tones by the age of 2;00 (So & Dodd, 1995). As compared with Tse’s observations, 
So and Dodd’s observations were much systemically planned with detailed planning on the 
use of toys and pictures to elicit all the tones with the criteria on determining whether the 
tones were acquired (So & Dodd, 1995). But perceptual judgment was involved in which the 
accuracy of tone production was determined by the experimenters who knew the target words. 
Expectancy effect might be present (Shaughnessy, Zechmeiseter & Zechmeiseter, 2000) and 
bias the results. 
From Tse’s study (1978) and So and Dodd’s study (1995), it was found that the 
acquisition of tone would be completed by the age of 2;00 by investigating tone production. 
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However, a different conclusion was drawn by studies on the acquisition of tone perception. 
The acquisition of tone perception 
Ching (1984) had investigated the acquisition of tone perception in Cantonese-speaking 
children. Children aged from 4;00 to 10;00 were employed. The syllable /ji/ was used since it 
took the six basic tones to form six different meaningful words. The target words were 
presented in isolation and the subjects were required to identify the corresponding written 
word among six choices. Ching (1984) found that tone identification improved with age up to 
age 10;00. Moreover, it was found that falling (21) tone was best identified and there was 
confusion in the identification between the mid level (33) tone and low level (22) tone, and 
between the low rising (23) tone and low level (22) tone (Ching, 1984). While Ching (1984) 
provided the first experimental data on the development of Cantonese tone perception, the 
performance of tone identification in adults had not been measured. Therefore, the age at 
which children achieved adult’s performance in tone perception could not be confirmed. 
Second, the cognitive demand of the tone identification task might have exceeded the 
cognitive capacity of young children as there were six alternatives to choose from. Third, 
participants were required to match the presented tone with the written words but young 
children might not know these written words. Fourth, there was no chance for the subjects to 
accommodate for the speaker’s overall fundamental frequency range (Kent, 1997) before 
making the tone perception judgment as the stimuli were presented in isolation. 
By modifying the methodology applied by Ching (1984), Ciocca and Lui (2003) 
carried out another study to investigate the development of tone perception in Cantonese- 
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speaking children. In this study, the performance of tone identification of adults was 
compared with that of children. The number of choices in the identification task was 
decreased from six to two to determine the effect of the number of choices on tone perception. 
Eight tonal contrasts with syllable /ji/ were employed. They were high level (55) – low level 
(22), high level (55) – mid level (33), mid level (33) – low level (22), high level (55) – high 
rising (25), low falling (21) – low rising (23), low rising (23) – low level (22), low falling 
(21) – low level (22) and high rising (25) – low rising (23) contrasts. Moreover, pictures were 
used to match with the presented tones instead of written words. Therefore, young children 
were not limited by the knowledge of written words. In addition, the target word was 
presented in the middle of a carrier phrase to accommodate for the speaker’s overall 
fundamental frequency range (Kent, 1997).  
In Ciocca and Lui’s study (2003), it was found that children at the age of 4;00 – 4;11 
performed at chance level on only mid level (33) – low level (22) and high rising (25) – low 
rising (23) contrasts out of the eight contrasts. However, Ching (1984) found that children at 
the age of 4;00 – 4;11 performed at chance level on four tones out of six tones from a tone 
identification task with six alternatives to choose from (Ching, 1984). By comparing the 
results in these two studies, it was hypothesized that the reduction of choices from six to two 
might be less cognitively demanding and more suitable to younger children, thus a better 
overall performance was obtained (Ciocca & Lui, 2003). Besides, the use of pictures to 
identify stimuli might also contribute to the better overall performance. Ciocca and Lui (2003) 
also found that the mid level (33) – low level (22) and high rising (25) – low rising (23) 
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contrasts were the most difficult tonal contrasts to identify. Based on this finding, Ciocca and 
Lui (2003) hypothesized that similarity in f0 pattern and contour between the tones of a 
contrast would lead to confusion. The result in Ciocca and Lui’s study (2003) replicated that 
in Ching’ study (1984), in which confusion between the mid level tone (33) and low level (22) 
was found. Moreover, both studies showed children could perceive as accurate as adult did by 
the age of 10;00 (Ciocca & Lui, 2003; Ching, 1984). 
Although several modifications had been made in Ciocca and Lui’s study (2003), some 
of the words used in the study, for example /ji55/ (clothes), /ji25/ (chair), and /ji21/ (son) 
might not be familiar to children as these words are used in written Chinese but are not 
colloquial Cantonese terms. Young children might not have the lexical knowledge of these 
words before the study. As the tone identification task depended on the lexical knowledge in 
certain extent, use of unfamiliar words might underestimate the children’s ability in tone 
perception (Barton, 1980). In order to eliminate this potential limitation in Ciocca & Lui’s 
study (2003), Lee, Chiu and van Hasselt (2002) used a methodology similar to that employed 
by Ciocca and Lui (2003) but using words in children’s receptive vocabulary repertoire to 
investigate the tone perception ability in children aged from 2;09 to 3;03. The high level 
(55) – high rising (25), high level (55) – low falling (21) and high rising (25) – low falling 
(21) contrasts were use to determine whether pitch height or contour was the more salient cue 
in tone perception. The high level (55) – high rising (25) contrast was hypothesized to be the 
most difficult contrast to identify because the members in the high level (55) – high rising (25) 
contrast differed in pitch contour only while that in the high level (55) – low falling (21) and 
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high rising (25) – low falling (21) contrasts differed in both height and contour. Moreover, 
live voice was used to present the target words, which allowed the children to accommodate 
for the speaker’s overall fundamental frequency range (Kent, 1997). In addition, stimuli were 
presented in isolation as the pitch differences among tones might be greater (Lee, Chiu & van 
Hasselt, 2002). In Lee et al’ study (2002), it was found that the high level (55) – high rising 
(25) contrast and high level (55) – low falling (21) contrast were easier to be identified than 
the high rising (25) – low falling (21) contrast (Lee et al., 2002). By comparing the result in 
Lee et al’s study (2002) with that in Ciocca and Lui’s study (2003), it could be shown that the 
mean percentage of correct responses of the high level (55) – high rising (25) contrast in Lee 
et al.’s study was higher than that in the age group 4;00 – 4;11 in Ciocca and Lui’s study 
(2003) by about 25% (Lee et al., 2002). This difference might be due to the use of word 
stimuli in children’s receptive vocabulary repertoire. However, the use of live voice might be 
the limitation of Lee et al.’s study (2002) since “live presentation was much less well 
controlled” (Barton, 1980) as compared with recorded speech. Nonverbal cues might be 
given by the speaker, e.g. eye movement or body movement towards the correct response 
(Barton, 1980). Moreover, although unwillingly, speakers might have put extra emphasis on 
the tone contour and pitch. These additional cues might have helped the children to identify 
the corresponding tone, resulting in higher scores in the tone identification task. That means, 
the result in Lee et al.’s study might not truly reflect the tone perception ability in children.  
Purpose of the Study 
In current study, two main research questions were focused. The first research question 
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was to investigate the pattern of perception of various tonal contrasts as a function of age 
group. Based on the research by Ciocca and Lui (2003), it was hypothesized that a significant 
improvement in tone perception ability would be found from the age of 4 to 6 and from the 
age of 6 to 10. No further improvement would be found beyond the age of 10 (Ciocca & Lui, 
2003). Moreover, the high rising (25) – low rising (21) and mid level (33) – low level (22) 
contrasts would be the most difficult contrasts to identify (Ciocca & Lui, 2003) since the 
tones of the contrasts were similar in both f0 onset and contour (Bauer & Benedict, 1997).  
The second research question was whether word familiarity effect affected the result on 
tone perception task. In the current study, colloquial Cantonese terms which should be 
familiar to young children, were used in one of the perception tasks. Word stimuli used in 
Ciocca and Lui’ study (2003), consisted of six contrastive tones with the syllable /ji/, were 
also employed in the second task for comparison purpose. If word familiarity had an effect, 
the mean percentage of correct responses in the task using colloquial Cantonese terms should 
be higher than that using the stimuli in Ciocca and Lui’s study (2003) because some of the 
word stimuli in Ciocca and Lui’s study were written Chinese, which should be less familiar 
than colloquial Cantonese terms. Moreover, the mean percentage of correct responses of the 
high level (55) – high rising (25) contrast in the age group 2;09 – 3;03 in the task using 
colloquial Cantonese terms in current study would be similar to that in Lee et al.’s study 
(2002) because familiar words were used in both tasks. 
Methodology 
Stimuli 
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Eight contrastive tonal pairs were used as in Ciocca and Lui’s study (2003). The high 
level (55) – mid level (33), high level (55) – low level (22), mid level (33) – low level (22) 
and high rising (25) – low rising (23) contrasts were chosen since the tones of the contrasts 
were different in height of f0. The low rising (23) and low falling (21) contrast was chosen as 
the members of the contrasts differed in terms of the direction of f0 production. The high level 
(55) – high rising (25), low level (22) – low rising (23), and low falling (21) – low level (22) 
contrasts were chosen because the member of the contrasts differed in terms of contour. 
Word stimuli which were colloquial Cantonese terms (see appendix A) and could be 
presented in picture format were selected (see appendix B). For most of the stimuli, reference 
was taken from the study by Fletcher, Leung, Stokes & Weizman (2000) and the study by Lee 
et al. (2002). The stimuli used by Ciocca and Lui (2003) were also included (see appendix C 
& D) to investigate whether there was word familiarity effect on the performance of tone 
identification – written Chinese versus colloquial Cantonese terms. Two pairs of word stimuli 
were used for each tonal contrast. The target word was embedded in the middle of a carrier 
phrase, /ŋɔ23 wui33 tuk2 ji55 pei35 lei23 tɛŋ55/ ( I will read clothing for you to listen).  
The speech recording was carried out in a sound attenuated room with a Macintosh 
Power Mac 7100 computer. A male native Cantonese speaker was employed for the speech 
recording. The distance between the speaker’s mouth and the microphone was kept constant 
at 10 cm so as to ensure the recording level was similar for all stimuli. The sentence stimuli 
were recorded five times in random sequence. Three native Cantonese listeners with four 
years auditory training were employed to listen to all the sentence stimuli. Sentence stimuli 
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which were best identified were chosen and resynthesized so that the tones had the same f0 
values. Then, other three native Cantonese listeners with four years auditory training were 
employed to check the stimuli. 
Participants 
Eighty participants consented to participate in current study. They were divided into 
five age groups, which were 2;09 – 3;03, 4;00 – 4;11, 6;00 – 6;11, 10;00 – 10;11 and adult 
with the mean age 23;05. There were eight males and eight females in each age group. The 
first age group (2;09 – 3;03) was chosen so as to compare the performance in the tone 
identification task in current study with that in Lee et al.’study (2002). Adult was chosen so as 
to find out when children could perceive as accurate as adult did. The remaining three age 
groups were chosen since significant improvement in tone identification was found in these 
three age groups in Ciocca and Lui’s study (2003) and Ching’s study (1984). 
Participants in the adult group were randomly selected from population of the 
universities students in Hong Kong. Participants in the other four age groups were randomly 
selected from one normal kindergarten, two normal primary schools and one private tutorial 
center. All of them were native Cantonese speakers with normal hearing.  
Testing procedure 
All participants had undergone hearing screening to ensure they had normal hearing. 
Pure tones at 250Hz, 500Hz, 1 kHz, 2 kHz, 4 kHz and 8 kHz were presented with a portable 
audiometer Micromate 304 by Madsen electronics to the left ear first and then followed by 
the right. Participants were required to press a button whenever they heard a tone. The 
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screening level was set at 40 dBHL due to the presence of background noise at the 
kindergarten, primary schools and private tutorial center.  
After screening, each participant was required to complete two tasks. Word stimuli 
which are colloquial Cantonese terms and stimuli used in Ciocca & Lui’s study (2003) were 
presented in separate tasks. Half of the participants completed the task using colloquial 
Cantonese terms before the task using stimuli in Ciocca and Lui’s study (2003). The 
remaining half completed the tasks in reverse order so as to balance the effect of fatigue. A 
break of about 10 minutes was also given to each participant in between the tasks in order to 
minimize the effect of fatigue. 
The word stimuli and the corresponding pictures were introduced to the participants 
before each task to ensure all participants had the lexical knowledge of the words stimuli. 
Each pair of stimuli for each tonal contrast was presented twelve times in random order with 
headphones Sennheiser HD 590 bilaterally. Computer program written with the HyperCard 
2.2 software development package (Apple Computer, Inc. 1993) was used for the 
presentation of the auditory and visual stimuli for the tone identification task. During each 
task, the participants were required to hear the stimuli from the headphones Sennheiser HD 
590. Two pictures representing each tonal contrast were presented at one time on the screen. 
One was on the right side of the screen and the other on the left side of the screen. Then the 
participants were required to match the presented tone with the corresponding pictures shown 
on the screen of the computer by clicking on one of the two buttons on the screen. But for 
young children in the age groups 2;09 – 3;03 and 4;00 – 4;11, they were required to match the 
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presented tone with the corresponding pictures shown on the screen of the computer by 
pointing to one of the pictures on the screen. The data collectors would help them to click on 
the corresponding buttons on the screen by using the mouse. The program would then move 
to the next item in random order of presentation after each selection. Each subject was 
required to hear 96 trials in each task.  
Results 
As ceiling effect was observed in most of the tonal contrasts in both tasks by adults and 
the age group 10;00 – 10;11, nonparametric statistics was employed to analyze the data from 
these two age groups. Wilcoxon matched pair test was used to compare the percentage of 
correct responses across tonal contrast and across task within each age group to investigate 
the effect of tonal contrast and task. Mann Whitney U test was used to compare the 
percentage of correct responses for each tonal contrast in each task across age groups to 
investigate the effect of age.  
Ceiling effect was not found in the age groups 2;09 – 3;03, 4;00 – 4;11 and 6;00 – 6;11. 
Therefore, 3- way ANOVA (3 x 2 x 8) was used to investigate the effect of age, tonal contrast, 
task and the interaction effect according to the data from these age groups. Tukey HSD test of 
post-hoc tests was used to locate the source of differences since the interaction effect among 
age, task and contrast was significant with F(14, 315) = 2.37, p = .003798. 
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Result from task using colloquial Cantonese terms 
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Figure 1. The mean percentage of correct responses for the eight tonal contrasts by all age 
groups in task using colloquial Cantonese terms. 
Figure 1 shows the mean percentage of correct responses for the eight tonal contrasts 
by all age groups in task used colloquial Cantonese terms. Significant improvements are 
indicated by upward arrows. Tone perception ability on the high level (55) – mid level (33) 
contrast improved significantly from the age of 2;09 – 3;03 to 4;00 – 4;11 (Tukey HSD, p 
< .05). From the age of 4;00 – 4;11 to 6;00 – 6;11, significant improvements were observed in 
all the eight tonal contrasts (Tukey HSD, p < .05) except the high level (55) – low level (22) 
contrast, high level (55) – mid level (22) contrast and high rising (25) – high level (22) 
contrasts (Tukey HSD, p > 0.05). An improvement was also found in the low rising (23) – 
low level (22) contrast from the age of 6;00 – 6;11 to 10;00 – 10;11 (Mann Whitney U tests, p 
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< .05). No further significant improvement occurred between adult and children at the age of 
10;00 – 10;11 (Mann Whitney U tests, p > .05).  
Within the age group 2;09 – 3;03, performance in the high level (55) – low level (22) 
and high rising (25) – high level (55) contrasts was significantly better than that in the mid 
level (33) – low level (22), low falling (21) – low level (22), low rising (23) – low level (22) 
and high rising (25) – low rising (21) contrasts (Tukey HSD, p < .05). At the age of 4; 00 – 4; 
11, performance in the high level (55) – low level (22), high level (55) – mid level (22) and 
high rising (25) – high level (55) contrasts were significantly better than that in the mid level 
(33) – low level (22), low rising (23) – low level (22) and high rising (25) – low rising (21) 
contrasts (Tukey HSD, p < .05). No significant difference in the performance among the eight 
tonal contrasts was observed within the age group 6;00 – 6;11 (Tukey HSD, p > .05). For 
children at the age of 10;00 – 10;11, performance in the high level (55) – low level (22), high 
level (55) – mid level (33), high rising (25) – high level (55) and low falling (21) – low rising 
(23) contrasts were found to be significantly better than that in the low rising (23) – low level 
(22) and high rising (25) – low rising (23) contrasts (Wilcoxon matched-pairs tests, p < .05). 
Moreover, no significant difference in the performance among the eight tonal contrasts was 
found in adult (Wilcoxon matched-pairs tests, p > .05). 
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Result from task using stimuli in Ciocca and Lui’s study (2003) 
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Figure 2. Mean percentage of correct responses for the eight tonal contrasts by all age groups 
in task using stimuli employed by Ciocca and Lui (2003) 
Figure 2 shows the mean percentage of correct responses for the eight tonal contrasts 
by all age groups in the task use stimuli employed by Ciocca and Lui (2003). Significant 
improvements are indicated by upward arrows. Children improved significantly in all the 
eight tonal contrasts from the age of 2;09 – 3;03 to 4;00 – 4;11 (Tukey HSD, p < .05) except 
mid level (33) – low level (22), low rising (23) – low level (22) and high rising (25) – low 
rising (23) contrasts (Tukey HSD, p > .05). Besides, a significant improvement was observed 
in all the eight tonal contrasts (Tukey HSD, p < .05) except high level (55) – low level (22), 
high level (55) – mid level (22) and high level (55) – high rising (25) contrasts (Tukey HSD, 
p > .05) between the age group 4;00 – 4;11 and 6;00 – 6;11. Perception ability in high rising 
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(25) – low rising (21) contrast also improved significantly from the age of 6;00 – 6;11 to 
10;00 – 10;11 (Mann Whitney U tests, p < .05). No further significant improvement occured 
between children at the age of 10;00 – 10;11 and adult (Mann Whitney U tests, p > .05).   
Within the age group 2;09 – 3;03, no significant difference was found in the 
performance among the eight tonal contrasts (Tukey HSD, p > .05). Children at the age of 
4;00 – 4;11 performed significantly better in the high level (55) – low level (22), high level 
(55) – mid level (33), high rising (25) – high level (55) and low rising (23) – low falling (21) 
contrasts than in the mid level (33) – low level (55) and high rising (25) – low rising (21) 
contrasts (Tukey HSD, p < .05). Within the age group 6;00 – 6;11, performance in the high 
level (55) – mid level (33) and high rising (21) – high level (55) were significantly better than 
that in the high rising (25) – low rising (23) contrasts (Tukey HSD, p < .05). For children at 
the age of 10;00 – 10;11, they performed significantly better in the high level (55) – low level 
(22), high level (55) – mid level (33) contrast, high level (55) – high rising (25) and low 
falling (21) – low rising (23) contrasts than in the high rising (25) – low rising (23) and mid 
level (33) – low level (22) contrasts (Wilcoxon matched – pairs tests, p < .05). No significant 
difference in the performance among the eight tonal contrasts was found in adult (Wilcoxon 
matched – pairs tests, p > .05). 
Direct comparison of the results in both tasks 
By comparing the performance across tasks, it was found that children at age of 2;09 – 
3;03 performed significantly better in the high level (55) – low level (22) and high rising 
(25) – low rising (23) contrasts in task using colloquial Cantonese terms than in task using 
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stimuli in Ciocca and Lui’ study (2003) (Tukey HSD, p <.05). But similar performance was 
found in the other six tonal contrast in both tasks in the age group 2;09 – 3;03 (Tukey HSD, p 
> .05). Figure 3 shows the mean percentage of correct responses in each tonal contrast in both 
tasks in the age group 2;09 – 3;03. Upward arrow indicates a significant difference in that 
tonal contrast across task. Except the age group 2;09 – 3;03, similar performance in all the 
eight tonal contrasts across tasks was observed in the other four age groups, which were 
4;00 – 4;11 (Tukey HSD, p > .05), 6;00 – 6;11 (Tukey HSD, p > .05), 10;00 – 10;11 
(Wilcoxon matched pairs tests, p > .05) and adults (Wilcoxon matched pairs tests, p > .05). 
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Figure 3. Mean percentage of correct responses in all tonal contrasts in both tasks by children 
aged from 3;00 – 3;03 
Comparison with Lee et al.’s study (2002) 
The mean percentage of correct response in high level (55) – high rising (25) contrast 
in task using colloquial Cantonese terms by children aged from 2;09 – 3;03 in current study 
was compared with that in Lee et al’ study (2002). A similar result was found with the mean 
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percentage of correct responses 87.3% in current study and 93% in Lee et al’s study (2002). 
Result in binomial test 
Since there were only two choices in each trial during the identification task, binomial 
test was employed to find out whether subjects responded above chance for each contrast 
(Sigel & Castellan, 1988). The following equation was used:   
Npq
NpYZ −±= )5.0(  
N represented the total number of trials for each tonal contrast in each task in each age 
group, which was 12 trials x 16 subjects = 192. p represented the probability of getting 
correct response in each trial, which was 0.5. As q was equal to p (Sigel & Castellan, 1988), q 
was also 0.5. Y represented the total number of correct trials for each tonal contrast in each 
age group. The smallest value of Y was 103, which was greater than Np (192 x 0.5 = 96). 
Therefore, 0.5 was subtracted from Y (Sigel & Castellan, 1988). 
After calculation, the performance in each tonal contrast in each task in each age group 
was significant and above chance (p < .05), except for the low rising (23) – low level (22) and 
low falling (21) – low level (22) contrast in task used stimuli in Ciocca and Lui’s study (2003) 
for the age group 2;09 – 3;03, and the high rising (25) – low rising (23) contrast in task used 
stimuli in Ciocca and Lui’s study (2003) for the age group 4;00 – 4;11. 
Summary of the results 
To summarize the result, a general improvement in tone perception from the age of 2;09 – 
3;03 to 4;00 – 4;11; 4;00 – 4;11 to 6;00 – 6; 11; and 6;00 – 6;11 to 10; 00 – 10; 11 was 
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observed in both tasks. No further significant improvement occurred after the age of 10; 00 – 
10; 11. The high rising (25) – low rising (23), mid level (33) – low level (22) and low rising 
(23) – low level (22) were the most difficult contrasts to identify with great improvement 
during the course of development relatively. The high level (55) – high rising and high level 
(55) – low level (22) contrasts were the most easiest contrast to identify even for the youngest 
age group 2;09 – 3;03. Significant difference in the performance across task was found in the 
high level (55) – high rising (25) and high level (55) – low level (22) contrasts by children at 
the age of 2; 09 – 3;03. A similar performance was observed in the high level (55) – high 
rising (25) contrast in the age group 2;09 – 3;03 between the task using colloquial Cantonese 
terms in current study and Lee et al.’s study (2002) 
Discussion 
Pattern of perception of various tonal contrasts as a function of age 
     It is hypothesized that significant improvement in tone perception ability would be 
observed from age 4 to 6 and 6 to 10. According to the result in both tasks, children improved 
significantly in tone perception ability from age 2;09 – 3;03 to 4;00 – 4;11, 4;00 – 4;11 to 
6;00 – 6;11 and 6;00 – 6;11 to 10;00 – 10;11, which matches with the hypothesis. According 
to Kent (1997), tone perception depends on the ability to discriminate frequency, intensity 
and duration. Children may improve in these skills until the age of 7;00 (Kent, 1997 as 
reported by Lui, 2000). Therefore, the continuous improvement in tone perception in current 
study might be contributed by the improvement in the ability to discriminate frequency, 
intensity and duration. 
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It was also hypothesized that no further significant improvement would be found 
beyond the age of 10. According to the result in current study, no further significant 
improvement in tone perception ability in both tasks occurred beyond the age of 10;00 – 
10;11, which replicates the results from Ciocca and Lui’s study (2003) and Ching’s study 
(1984). This finding further supports that children should be able to perceive Cantonese 
lexical tones as accurate as adult did by the age of 10;00 – 10;11.  
According to the result in both tasks, the high rising (25) – low rising (23) contrast was 
the most difficult contrast to identify in all age groups except adult. This matches with the 
hypothesis. The high rising (25) tone and low rising (23) tone have similar f0 onset and 
contour (Bauer & Benedict, 1997). As mentioned before, tone perception depends on the 
ability in discrimination of frequency, intensity and duration (Kent, 1997). Advanced skills in 
discrimination of frequency, intensity and duration might be required to perceive the small 
difference in f0 onset and contour between high rising (25) and low rising (23) tones. Since 
the ability in discrimination of frequency, intensity and duration was still developing in young 
children before the age of 7;00, they might not have sufficient ability to discriminate the high 
rising (25) tone and low rising (23) tone. Therefore, a relatively low accuracy in the high 
rising (25) – low rising (23) contrast was observed in the age groups 2; 09 – 3; 03 and 4; 00 – 
4; 11. With the improvement in the ability in discrimination of frequency, intensity and 
duration, a great improvement was found in perceiving the high rising (25) – low rising (23) 
contrast during the course of development. The mid level (33) – low level (22) and low rising 
(23) – low level (22) contrasts were also found to be the most difficult contrasts to identify 
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with great improvement during the course of development. This can also be explained by the 
similarity in f0 onset and contour between the mid level (33) tone and low level (22) tone 
(Ciocca & Lui, 2003), the similarity in f0 onset between the low rising (23) tone and low level 
(22) tone (Bauer & Benedict, 1997), and improvement in the ability in discrimination of 
frequency, intensity and duration (Kent 1997, as reported in Lui, 2000).  
The high level (55) – high rising (25) contrast was found to be the easiest contrast to 
identify even in young children at the age of 2;09 – 3;03. There is a relatively large difference 
in both f0 onset and contour between high level (55) tone and high rising (25) tone (Bauer & 
Benedict, 1997). Even children was still developing the skills to discriminate frequency, 
intensity and duration, they might be able to perceive such large difference in f0 onset and 
contour. Therefore, it was found that high level (55) – high rising (25) contrast developed 
earlier and was easy to identify. The high level (55) – low level (22) contrast was the other 
easiest contrast to identify even in the youngest age group. There was also a large difference 
in f0 onset and offset between high level (55) tone and low level (22) tone (Bauer & Benedict, 
1997). This large difference might be relatively easier to perceive, thus made the high level 
(55) – low level (22) contrast to be the easiest contrast to identify. 
The word familiarity effect on tone perception task 
According to the hypothesis, if there was word familiarity effect, the mean percentages 
of correct responses in task using colloquial Cantonese terms should be significantly higher 
than that in task using stimuli in Ciocca and Lui (2003) because some of the stimuli in Ciocca 
and Lui’s study (2003) were written Chinese, which should be less familiar than colloquial 
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Cantonese terms. Moreover, the performance in the high level (55) – high rising (25) contrast 
in the task using colloquial Cantonese terms by the age group 2;09 – 3;03 in current study 
would be similar to that in Lee et al’s study because familiar words were used in both tasks. 
From the result in current study, it was found that children at the age of 2;09 – 3;03 were 
significantly better in discriminating the high level (55) – low level (22) and high level (55) – 
high rising (21) contrasts in the task using colloquial Cantonese terms as compared with that 
in the task using stimuli in Ciocca and Lui (2003). Moreover, a similar result was observed in 
the high level (55) – high rising (25) contrast in the age group 2;09 – 3;03 between the task 
using colloquial Cantonese terms in current study and Lee et al.’s study. These findings match 
the hypothesis and indicate that word familiarity effect had an effect on tone perception task 
in young children below the age of 3;03. Besides current study, Barton (1980) had also 
proved that word familiarity effect was related to the number of errors made in perception 
task. He had classified the words stimuli as “named (where the child named the word before 
the experimenter), prompted (where the child identified the word when it was named by the 
experimenter), and taught” (Barton, 1980). He found that the number of errors made in the 
discrimination task was related to how well the children knew the words, which meant word 
familiarity. Therefore, word familiarity effect should be controlled in order to increase the 
sensitivity of the tone perception task, especially for young children. 
Word familiarity effect was not significant in other six tonal contrasts, which were the 
high rising (25) – low rising (23) contrast, mid level (33) – low level (22) contrast, low 
rising (23) – low level (22) contrast, low falling (21) – low level (22) contrast, low rising 
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(23) – low falling (21) contrast and high level (55) – mid level (33) contrast within the age 
group  2;09 – 3;03. This can be explained by the hierarchy of the acquisition of the tonal 
contrasts. Some of the tonal contrasts are difficult to discriminate and may be acquired later 
since the tones of the contrasts are similar in terms of both f0 onset and contour, e.g. the high 
rising (35) – low rising (23) and mid level (33) – low level (22) contrasts (Ciocca & Lui, 
2003). Besides, the low rising (23) – low level (22), low falling (21) – low level (22), low 
rising (23) – low falling (21) and high level (55) – mid level (33) contrasts are expected to 
be more difficult to discriminate and be acquired later than the high level (55) – low level 
(22) and high level (55) – high rising (25) contrasts since the difference in f0 onset in these 
contrasts are smaller than that in the high level (55) – low level (22) and high level (55) – 
high rising (25) contrasts. Tone perception depends on the ability to discriminate frequency, 
intensity and duration, which may not be fully mastered until the age of 7;00 (Kent, 1997 as 
reported by Lui, 2000). The ability in discrimination of frequency, intensity and duration in 
children as young as age 2;09 – 3;03 might not be sufficient to distinguish the small 
difference in f0 onset in high rising (25) – low rising (23), mid level (33) – low level (22), 
low rising (23) – low level (22), low falling (21) – low level (22), low rising (23) – low 
falling (21) and high level (55) – mid level (33) contrasts. Therefore, although colloquial 
Cantonese terms had been used, the mean percentage of correct responses in these six tonal 
contrasts could not be enhanced. 
Word familiarity was not found in children at or above the age of 4;00. This might be 
due to the increase in linguistic experience. Children above the age of 4;00 might have come 
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across the word stimuli used in both tasks before. That means the word stimuli used might 
be equally familiar to children above the age of 4; 00. Therefore, word familiarity effect was 
not found in older children. 
Conclusion 
In current study, significant improvement in tone perception was observed from the age 
of 2;09 – 3;03 to 4;00 – 4;11, 4;00 – 4;11 to 6;00 – 6;11 and 6;00 – 6;11 to 10;00 – 10;11. But 
no further improvement occurred beyond the age of 10;00. This finding replicates the results 
in Ciocca and Lui’s study (2003) that children achieved adult’s performance in tone 
perception by age 10;00. The high rising (25) – low rising (23), mid level (33) – low level (22) 
and low rising (25) – low level (22) contrasts were the most difficult contrast to identify with 
great improvement during the course of development relatively. The high rising (25) – high 
level (55) and high level (55) low level (22) contrasts were the easiest contrast to identify 
relatively. This result re-confirms that similarity in f0 onset and contour between the tones of 
the contrasts might lead to confusion during perception (Ciocca & Lui, 2003). Moreover, 
children at the age of 2;09 – 3;03 did better in discriminating the high level (55) – high rising 
(25) and high level (55) – low level (22) contrast when colloquial Cantonese terms were used 
instead of stimuli used in Ciocca and Lui’s study (2003) (written Chinese). This shows word 
familiarity effect affected tone perception in children younger than the age 3;03.  
Clinical Implication 
After reviewing the methods and results in previous study on tone perception and that 
in current study, it was found that several factors should be considered in designing tone 
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discrimination task for auditory training or tone perception assessment for children. First, 
word familiarity effect should be considered. Familiar words (e.g. colloquial Cantonese terms) 
should be used in order to increase the sensitivity of the task when the subjects are as young 
as the age of 2;09 – 3;03. Second, children’s linguistic exposure should be taken into account. 
That means pictures should be used to represent the target tones instead of written words. 
Third, the cognitive capacity of young children should be considered by reducing the number 
of choices from six to two. Fourth, opportunity for the subjects to accommodate to the 
speaker’s overall fundamental frequency range should be given by embedding the target word 
at the medial position of the phrase (Kent, 1997). Fifth, adult’s performance should be 
measured to determine whether the children could perceive as accurate as adult did. Sixth, 
additional cues should be avoided by using recorded speech instead of live presentation 
(Barton, 1980).  
In choosing treatment targets for auditory training on tones, the high rising (25) – low 
rising (23), mid level (22) – low level (22) and low rising (23) – low level (22) contrasts may 
be targeted later as they were more difficult to identify relatively. The high rising (25) – high 
level (22) and high level (55) – low level (22) contrasts can be chosen first since they were 
easier to identify. 
Limitation and Further Research 
Attention span was one of the factors affecting the performance in tone identification 
task. Especially for children as young as three years old, they might be easily distracted by 
the environment during the task. Moreover, different children have different linguistic 
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experience. The degree of familiarity on the same words may vary according to different 
children. These two factors may lower the validity of the result in current study. In future 
study, these two factors should be encountered in order to increase the validity of the result. 
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Appendix A 
Word stimuli for the task using colloquial Cantonese terms 
Tonal Contrast Phonetic 
transcription
Word for the 
first tone 
Glossory Word for the 
second tone 
Glossory 
High level – mid level contrast /pou/ 煲 Pot 布 Cloth 
High level – low level contrast /sy/ 書 Book 樹 Tree 
Mid level – low level contrast /pei/ 臂 Arm 鼻 Nose 
High rising – low rising 
contrast 
/jy/ 魚 Fish 雨 Rain 
Low rising – low falling 
contrast 
/hai/ 蟹 Crab 鞋 Shoes 
High level – high rising 
contrast 
/thɔŋ/ 湯 Soup 糖 Sweet 
Low level – low rising contrast /lou/ 老 Old 路 Road 
Low falling – low level 
contrast 
/min/ 棉 Cotton 麵 Noodle 
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Appendix B 
Pictures for task using colloquial Cantonese terms 
  
書 樹 
  
布 煲 
  
鼻 臂 
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糖 湯 
 
 
鞋 蟹 
 
老 路 
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棉 麵 
 
魚 雨 
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Appendix C 
Word stimuli in Ciocca and Lui’s study (2003) 
Contrast Phonetic 
transcription
Word for the 
first tone 
Glossory Word for the 
second tone 
Glossory 
High level – mid level 
contrast 
/ji/ 衣 Clothes 意 Spaghetti 
High level low level contrast /ji/ 衣 Clothes  二 Two  
Mid level low level contrast /ji/ 意 Spaghetti  二 Two  
High rising low rising 
contrast 
/ji/ 椅 Chair  耳 Ear  
Low rising low falling 
contrast 
/ji/ 耳 Ear  兒 Son  
High level high rising 
contrast 
/ji/ 衣 Clothes  椅 Chair  
Low level low rising contrast /ji/ 二 Two  耳 Ear  
Low falling low level 
contrast 
/ji/ 兒 Son  二 Two  
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Appendix D 
Pictures for task using stimuli in Ciocca and Lui’s study (2003) 
 
 
衣 椅 
  
意 兒 
  
耳 二 
 
 
